Introduction
At least 50% of the world population harbor Helicobacter pylori in their upper gastrointestinal (GI) tract [1] . The incidence of its infection is mostly associated with childhood, socioeconomic and sanitary conditions and plays an important role in the pathogenesis of upper GI tract disorders. Meanwhile, Candida colonization of the gastric mucosa has been considered to be involved with multiple diseases of GI tract, including chronic gastritis and ulcerous diseases [2] . As such, Candida colonization may be of clinical signifi cance, not only because it creates a vicious cycle in which infl ammation and fungal colonization are mutually promoted, but also because it raises the risk of invasive candidiasis or candidemia, in which there may be excessive morbidity and mortality [3, 4] . This study was initially carried out to evaluate the status of H. pylori infection in Vietnamese patients with GI diseases. Molecular detection methods were performed later to explore Anaerobic System) at 37 ° C for 3 -5 days. Single colonies were selected from the agar surface and purifi ed by subculturing several times prior to DNA extraction and 16S rRNA sequencing. DNA was extracted using genomic DNA purifi cation Kit (Fermentas K0722 
Molecular detection of Candida colonization
Molecular beacon (MB) real-time PCR assays, including pan-Candida PCR and species-specifi c PCRs for Candida albicans , Candida glabrata , Candida krusei , Candida parapsilosis and Candida tropicalis , were used for Candida detection . All probes targeted the 28S ribosomal RNA gene. The pan-Candida assay has been described previously [12] , with the species-specifi c probes listed in Table 1 . Probes were purchased from Biosearch Technologies, Inc., (Novato, CA, USA) and labeled with 5-carboxyfl uorescein (FAM) at the 5 ′ end and a quencher, benzoic acid succinimidyl ester (Dabcyl), at the 3 ′ end. Real-time PCR amplifi cation was performed using the Stratagene Mx3005P real-time PCR system (Agilent Technologies, Santa Clara, CA, USA).
Results
The demographic characteristics of patients are listed on Table 2 . H. pylori infection (Table 3) was detected in 81.5% (22/27) of patients with gastric bleeding, which is signifi cantly higher than that noted in 34.6% (18/52; P Ͻ 0.001) of duodenal ulcer patients and 30% (3/10; P Ͻ 0.001) of gastritis patients. In contrast, all samples from controls were negative for H. pylori infectionspositive. The most common species among 32 non-H. pylori bacteria strains recovered from gastric bleeding patients, were Streptococcus spp. ( S. australis , S. infantis ) and Bacillus spp. ( B. licheniformis , B. subtilis , B. cereus , B. megaterium ). The remaining non-H. pylori bacterial isolates were identifi ed as Ochrobactrum intermedium , Rothia mucilaginosa and R. dentocariosa . Only H. pylori isolates were recovered from gastritis patients. Non-H. pylori bacteria isolated from specimens collected from controls included Acinetobacter spp., Mycobacterium spp. and Sphingobacterium spp.
Using pan-Candida real-time PCR, 63% (17/27) antrum and 50% (13/26) corpus samples from gastric bleeding patients, 100% (10/10) antrum and 100% (10/10) corpus samples from gastritis patients, and 77% (40/52) of the antrum specimens from duodenal ulcer patients, were found to be colonized by Candida spp. In contrast, only 30% (3/10) of the samples from the control patients were positive for Candida spp. Unexpectedly, C. krusei was the only Candida species found in the specimens in was found in 22% (6/27) of gastric bleeding patients, 52% (27/52) of patients with duodenal ulcers, and 100% (10/10) of gastritis patients, with lower colonization rates for corpus samples as compared to antrum specimens. The level of C. krusei colonization was also lower in gastric bleeding patients, who had the highest H. pylori infection rate, compared to those with ulcer and gastritis (Figure 1 ).
Discussion
The stomach microbiota is in a continual state of fl ux determined by a variety of factors, such as age, diet, hormonal state, health, and personal hygiene. Many microorganisms are washed from the mouth into the stomach, where most microorganisms are killed as a result of the low pH (2 ∼ 3) environment. In adults with normal acid secretion, the only organisms present in this microbiota are acid-tolerant bacteria, such as the lactic acid producing bacteria Lactobacillus , Streptococcus and H. pylori .
which 58% (52/90) of pan-Candida positive samples from the three GI diseases groups were positive for this species and the remaining samples were negative for all species tested. The three pan-Candida positive samples from control group did not elicit any detectable signal in species-specifi c detection tests. The presence of C. krusei Candida species colonizing the human GI tract are considered a component of the resident fl ora, and C. albicans is the most common species recovered from such circumstances [2] . However, C. albicans was not detected in the present study, possibly because the levels of the yeast in the stomach were too low to reach the detection limit of the C. albicans -specifi c real-time PCR assay . Instead, C. krusei seemed to be the best adapted to survive and to establish itself as the predominant fungal colonizer in the stomach microbiota of patients with three types of gastric conditions. We cannot rule out the possibility that other Candida species were present, but may not have been detected by our assays due to the complexity of the mixed organisms, as well as the limited spectrum of the assays used in this study. However, the high (48%) C. krusei colonization rates in patients with GI diseases is unexpected and of clinical signifi cance given that C. krusei is an emerging fungal nosocomial pathogen producing a spectrum of clinical manifestations and intrinsically resistant to fl uconazole [13] .
H. pylori competes with other microbes in the stomach microbiota. In this study, C. krusei colonization was detected in 52% of ulcer and 100% of gastritis patients, whose H. pylori infection rates were only 35% and 30%, respectively. In contrast, 82% of gastric bleeding patients had H. pylori infections but only 20% these individuals were found to be C. krusei positive. Moreover, C. krusei colonization in the absence of H. pylori infection was found in 7/7 (100%) of gastritis and 14/34 (41%) of ulcer patients, but was not seen in samples from normal controls, indicating a possible causative role of C. krusei in gastritis and peptic ulcer. In fact, the contributing role of C. albicans in gastritis development in mice with altered microbiota [14] , and the etiologic role of C. tropicalis in gastric ulcer in patients without H. pylori infection [15] , has been reported recently. Nevertheless, more detailed and proactive investigations are warranted to further study the predominance of C. krusei colonization observed in the present study.
In summary, C. krusei was found to be the predominant fungal colonizer in Vietnamese patients with gastrointestinal diseases. The exact role of this opportunistic Candida pathogen in GI tract diseases and its interplay with other GI microbiota components needs further exploration.
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